Abstract-This paper presents the implementation of PID controller using Programmable Logic Controller (PLC) in heating tank of mini automation plant. PID controller is implemented by using ladder diagram in PLC OMRON CJIM-CPU12. A temperature control unit CJ1W-TC001 is also used where the temperature control unit is a special I/O unit that receives inputs directly from thermocouple, to perform PID control. Desired temperature or set point (SP) is set by the user using the Human Machine Interface (HMI) and the controller within the PLC will try to maintain the current temperature base on the set point temperature set by the user. Temperature control is very difficult to be implemented by using ordinary control techniques; hence the purpose of this research is to implement PID controller design using programmable logic controller (PLC) in order to control the time to heat up a particular solution to a desired temperature efficiently without scarifying the stability of the system. A complete analysis using different kind of PID parameters is presented in terms of system response. Performance of the controller is examined in terms of settling time, rise time and percent overshoot. Finally, a comparative assessment of the PID controller on the system performance is presented and discussed.
INTRODUCTION
The purpose of a temperature controller unit is to heat up a particular solution to a desire temperature with the minimum overshoot and quickest time constant, in other word the optimum result. Heater comes in a variety of size and power consumption, basically the higher the power consumption the faster the heating process will be. The system operates in a closed loop system to ensure the desired temperature will be obtained in fastest time and accurately.
PID Controller in this study requires the knowledge of tuning the constants to find the best value. The theory shows that the control with Proportional-Integral-Derivative Controller (PID) can improve in terms of percentage overshoot and time constant.
Conventional proportional-integral-derivative (PID) controller is widely used in process control industry due to its simplicity in structure and ease of implementation [1] . Although the control theory and method has got great progress, PID controllers are still common and well known. Statistic of metallurgical industry, chemical industry and food industry show that 97% of the controllers select PID structure [2] . An important objective of control system design is to minimize the effects of external disturbances. The problem if disturbance rejection arises in many industrial fields, such as motioncontrol, active noise control and vibration control [3] .
PID measure the differences between the desire value and the actual value, by using the error calculated, it attempt to minimize it by adjusting the control input to obtain the desire output value. By tuning the 3 parameters in PID, the controller can provide specific control action designed for different requirements. In the field of metallurgy, chemistry, food industries and oil refining due to the time delay and process parameter uncertainty, the parameter of PID controller need automatic adjustment [4] .
The proportional value determines the reaction to the current error, the proportionality constant (KP) is known as the proportional gain of the controller. To get a higher performance output, the gain must be increase but it is well known that the controller with too large gain should be avoided because it will cause instability [5] ; while a low proportional gain will result small output response and a less sensitive controller.
The integral value determines the reaction based on the sum of recent errors, by adding instantaneous error over time gives the accumulated offset that should have been corrected previously [3, 6] . The integral gain eliminates the residual steady-state error that occurs with a proportional only controller; however it can cause the present value to overshoot the set point value, since the integral term is responding to accumulated errors from the past.
The derivative value determines the reaction based on the rate at which the error has been changing. Adding a derivative term can improve the stability, reduce the overshoot that rises when proportional or high gain integral terms are used, and improve response speed by predicting changes in the error [7] . However, differentiation of a signal amplifies noise and thus this term in the controller is highly sensitive to noise in the error term.
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The most common used controllers are the P controller, PI controller and PID controller. Proportional controller is capable of reducing the rise time. However it never eliminates the steady state error. Proportional-integral controller on the other hand will eliminate the steady state error, but it also may make the transient response worse. A Proportional-integral-derivatives controller will increase the system stability, reduce the overshoot, and improve the transient response.
II. METHODOLOGY
The project overview is shown in Fig. 1 . where the block diagram of this project, showing how PLC, PID, Temperature Control Unit (TCU), heater and thermocouple are related to each other to form a closed loop system. The input or set point (SP) of the system is the desired temperature and analyses for different kind of PID gain are done in order to get the best PID gain parameters. Fig. 2 on the other hand shows much detail about the overall connection of the system and Fig. 3 shows the project flow chart of the system. In terms of the hardware programming, this project involved two part of hardware programming which are PLC ladder diagram programming and Human Machine Interface (HMI) programming. The details explanations of each part are as below:
A. PLC Ladder Diagram Programming
CX-Programmer is one of the software used for this project. This software will enable the communication between the hardware which are the heater and thermocouple and the PLC in order to control the temperature to the desired value by using ladder diagram programming. Fig. 4 shows some of the interface in CX-Programmer used in this project. 
B. Human Machine Interface (HMI) Programming
In order to communicate between the PLC and the heating tank, PROFACE Human Machine Interface (HMI) is used. In order to program the HMI, PROFACE Project Manager software is used to enable the development of much more user friendly interface at the touch screen that can be used by the user. Fig. 5 indicates the main interface of the Project Manager while Fig. 6 shows some of the GUI that has been developed for this project. GP Viewer on the other hand is a data collection software package that allows production site data to be collected and sent to information management PCs in real-time using the Local Area Network (LAN) connection. It automatically records and accumulates production data, for immediate playback of either past or present line operating conditions allowing user to control touch screen at PC as if the user is touching the touch screen using mouse pointer clicks.
Considering plant work area environment may be hazardous, not suitable for human to stay for too long, the reason for applying this software to the project is to allow user to control and monitor the plant form far. By connecting it to network, person in charge are able give input to touch screen (HMI) as if the person are using the touch screen itself directly. Fig. 7 indicates some of the Graphic User Interface (GUI) from the HMI that can be display at the PC using the GP Viewer software. 
III. RESULTS AND DISCUSSIONS
In this section, the proposed control schemes are implemented and tested using the developed system. The analyses are divided into three parts which are proportional (P) analysis, proportional and derivatives (PI) analysis and proportional, integral and derivatives (PID) analysis.
All set point (SP) in experiment are set to 50 and data for all experiment are taken for 40 minutes (data are recorded one a minute) only as all set of parameters will reach SP by that time and the rest of the graph can be predicted. Fig. 8 shows the system response of the heater tank by implementing different proportional (P) controller values. P.1 and P.2 data indicate the value of proportional (P) at 30 and 500 respectively. From the results, it shows that the P.1 data achieved much better percent overshoot with 23% as compared to 26% from P.2 data. 
A. P Mode Analysis

B. PI Mode Analysis
In this analysis, three data for different value of Integral (I) are used. PI.1, PI.2 and PI.3 are set with the same value of Proportional (P) of 500 and derivatives (D) value of 0 and integral (I) value of 800, 600 and 400 respectively. Based from Fig. 9 , the results demonstrated that the PI.X data give the best performance in terms of percent overshoot as compared to PI.22 and PI.22 data with 33%. In theory, integral gain (I) accumulate error from past to correct it on present and overshoot will occur because of this. A high integral gain yields a faster output to encourage faster process toward SP and eliminate residual steady-state error that occurs with a P only controller. In the system it affects how long heater will rest before resume heating. Based from the results, data PI.1, PI.2and PI.3 can clearly see the oscillation because proportional gain is set high. In addition, the result also indicates a high I gain give faster rise time but higher overshoot and more encourage output to oscillate as well. Whereas a lower integral gain (I) have lower rise time, overshoot produced comparable to high integral gain (I) and promotes oscillating as well. So it is better to use a high integral gain (I) than a low one, but proportional gain (P) should get more attention this way so that the output won't oscillate. The integral gain (I) recommended is as high as above 800. 
C. PID Mode Analysis
In the last analysis, three data, PID.1, PID.2 and PID.3 for different value of proportional-integral-derivatives are used. In PID mode D gain is made constant to 150 to get shorter time constant and other varies to get variation in result. Three set of parameters are detailed here are as follow:
• Data PID.1 (P=53 I=871 D=150)
• Data PID.2 (P=500 I=800 D=150)
• Data PID.3 (P=999 I=600 D=150)
Based from Fig. 10 , it is cleared that high proportional gain promotes faster rise time but produce large overshoot that affect after the first peak; integral gain should be as high as possible as it hasten the process; derivatives gain plays a more minor role here but theoretically D gain act as counterpart to P and I gain to reduce overshoot and instability, D gain is usually 4 times or more lower than I gain. 
D. Overall Analysis
For comparative assessment, the response of the controller for the heating tank varies in different PID parameters setting. Table 2 indicates the performance summary based from the analyses that have been discussed before. Based on graphs and explanation above Table 2 , it can be summarized: i. P gain: Excess gain cause unstable system, insufficient gain cost time. Recommended gain: 50 -100. ii.
I gain: Higher gain hasten process but cause overshoot and promotes oscillating; lower gain yield slower process and still cause overshoot and promotes oscillating comparable to higher gain. Recommended gain : 800 -999. iii.
D gain: Counterpart to P and I gain, usually more than 4 times smaller than I gain. Recommended gain: below 250. iv.
Based from the analyses that have been made, the best PID parameters is P=53 I= 871 D=150.
IV. CONCLUSION
Investigations into implementation of PID controller using Programmable Logic Controller (PLC) in heating tank of mini automation plant have been presented. Performance of the controller is examined in terms of settling time, rise time and percent overshoot. The results demonstrated that the PID controller can handle the system well. From the analyses that have been done, a significant improvement in the system performance has been achieved with PID controller as compared to P and PI controller. It can be concluded that the best PID parameters for the system is P=53 I= 871 D=150.
